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Qary Vance, Prolect Englmer and George Hull, Design Engineer on the 5100 Series 
discuss sweep-switching operation of the SB12N Dual Time Base Plug-In. 
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ScsJe factor reacfouf changes automaticatty to Indicate vertical 
sensitivity at probe tip when recommended 10X probe Is used. 
Similarly, sweep-rate readout changes automatically when 10X 
magnifier is turned on. 
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By Jerry Shannon and Ahne Oosierhof 

In the GscilJosGope field, phig-in versatility has tradi- 
tionally been limited to high-frequency instrunieiits. 
Introduced by Tektronix in 1954, the |jUig-in concept 
allowed the user to easily and inexpensively change the 
characteristics of his oscilloscope to coyer a w'ide range 
of applications. 

Now, with the introduetion of the 5100 Series, the users 
of low-frequency o.scilloscopes will enjoy these same 
benefits. 

Since the same need for versatility exists in the low- 
frequency as in the high-frequency oscilloscope field, we 
detennined to do our best to meet that need. Our goal 
was to offer a laboratory-quality, low-frequency, plug- 
in oscilloscope at the lowest practical cost to the user. 
We also wanted to include many of the features siich as 
scale factor readout, large screen CR'I' tiiid solid state 
stability found only in the latest instruments. 

Breakthroughs svould have to be made iii many areas. 
Siinplified circuit de.sign, new production tethniques 
for CRT's, switches and otlvef components, and re- 
duced assembly and calibration lime would have to be 
achieved if we were to^ reach our goal. The end resul t of 
our ellorts in all of these areas i,s a series of products that 
bring you new' measurement capability, plus a flexibil- 
ity previously unavailable in atiy other oscilloscope 
system. 

First in this series is the 5103N Oscilloscope System, a 
general-purpose, low-frequency (DC to 2 MHz) oscillo- 
scope featuring cost-saving innovations such as inter- 
changeable display modules, phtg ins, and bench to 
lackmount convertibility. Font display moilules, each 
with a large 6p^-indi CRT, give you a choice of single 
Iseam, dual beam, single beam storage or dual beam 
storage. You can readily change from one display mod- 
ule to another or convert troni bench to 5i/4-inch rack- 
mount configuration in a matter of minutes. Nine 
plug-ins give you a wide choice of vertical afnplifters 
and time bases. 



.Several iniipvatlbns in the amplifier and time base plug- 
ins enhance operating ease. For exatnple, scale factor 
readout for each amplifier is provided by illuminating 
the kiiob skirt beliind the area identifying the correct 
scale factor, even when using the recomincndetl lOX 
probes. This satire feature is used in the lime base plug- 
ins to indicate correct sweep rate w'ith the magnifier on 
or oil. The possibility of measurement error is thus 
greatly reduced. 

The choice between left and right vertical plug-in is 
made by depressing the DISP1.AY bu ttott on the respec- 
tive plug-in. This button also swatches the light on 
behind the readout skirt, so a glance is all that’s needed 
to immediately identify whicii channels or plug-ins are 
in use. With neither .DISPLAY button depressed, the 
left hand vertical is displayed but its readout is not 
illuminated. 

When two amplifier plug-ins are enabled, the main- 
frame automatically converts to the alternate or 
chopped niode of (iperation as selected by the DISPI-AY 
button on the time base. The switching sequence allots 
two lime-slots (in chopped) or two sweeps (in alter- 
nate) to each vertical ]>lug-in. When dual-chatuiel 
plug-ins are used, each channel takes one. time slot or 
One sweep. In the dual-beam mainlrame, switching be- 
tween plug-ins is eliminated as each amplifier is per- 
manently connected to one vertical deflection system. 

THE MAINFRAME 

Now let’s take a clo.ser look at each of the 5100 Series 
module.s. Tlie 5103N mainlrame module contains the 
low-voltage power supplies, horizontal and vertical ara- 
plifier,s, the electronic switching and logic circuitry 
for dii:il-trace operation between plugins, and thiee 
plug-in compartinenLs. It will interface directly with 
any of the four display modules in a bench or rack- 
mount configuration. Any pJug-in can be used in any 
compartment to achieve Y-'F or raster displays. 
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Four display modules pictured from top to bottom are sMgte 
beam, single beam storage, dual beam and dual beam storage. 
All leature a large screen and internal graticule. 



THE DISPLAY MODULES 

Each of the d isplay modules uses a new 6i/J-incIi ceramic 
CRT with an 8 x 10 division (14 inch/div) internal 
graticule. The CRT, with 3.5 kV accelerating potential, 
has a bright, well-defined trace. Simplest of the display 
modules is the DIO single-beam display unit. In addi- 
tion to the CRT, it contains the high-voltage supply, a 
voltage, current and time (2X line frequency) cali- 
brator, tlie CRT controls and the power ssvitch, A beam 
finder positions the beam on screen regardless of the 
setting of the vertical or horizontal position controls. 
The front panel Z-axis input with DC to 1-MHz band- 
width requires only 5 volts to modulate the beam. 

The D12 dual-beam display module is the same as the 
DIO single-beam unit except the CRT has two w'riting 
guns and two pairs of vertical deflection plates. Botlr 
beams cover the full 8x 10 division screen. Also in- 
cluded are separate in tensity and focus controls for each 
beam. 

Single and dual-beam storage operation are provided 
by die Dll and Dl3 display modules respectively. 
The bistable, split-screen storage CRT’s have a uniqiie 
brightness control which permits varying the stored 
brightness to retain the image for several hours without 
damage to the CRT. The brightness control, in con- 
junction with other storage controls, also allows inte- 
gration of repetitive signals to elfectively increase stored 
writing rate. 



THE PLUG-INS 

The nine plug-ins presently .available include six am- 
plifiers and three time bases. Simplest of the amplifiers 
is a plug-in having just an input stage with a potenti- 
ometer as an attenuator. Designated the 5A24N, the 
unit has a 50 mV/div sensitivity and is ideal for you 
who have low-cost monitor needs. 

For simple mea.suremerits where signals of varying am- 
plitude have to be measured, the 5.A23N witli decade 
attenuator steps and a 10 mV sensitivity is available. 
Bandwidth is DC to 1 MHz. 

A companion plug-in, die 5B13N time base, provides a 
low cost sweep unit with sweep ranges from 5 fts/div to 
0.5 sec/div in decade steps. A variable control extends 
the slowest sweep to 5 sec / div. 
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When signals of only a few millivolts are to be nieas- 
iicetl, the 5A15N provides 1 mV sensitivity and DC to 
2-MHz bandwidth. The 5A18N olTers the same char- 
acteristics with dual-trace capability including the con- 
venient ADD mode. This mode is especially useful 
when signal differences between two points are to be 
measured while both points are elevated by a common 
signal. 

Getting down into the difficult micTOvolt region where 
the applications call for low noise and high common- 
mode rejection, the 5A20N and 5A21N differential am- 
plifiers with FET inputs provide stable operation to 50 
fiV/div. Bandwidth is DC to 1 MHz, Upjrer bandwidth 
can be limited to 10 kHz for noise reduction. Common- 
mode rejection at 50 /tV/div, DC coupled, is 100,000:1, 

To [sermit common-mode measurements with the use of 
attenuator probes, a probe having accurate attenuation 
has been developecL The P6060 has lOX attenuation 
.ind provides common-mode rejection of 400:1 at any 
deflection factor when used with the 5A20N or 5A21N. 

The 5A21N plug-in, while similar to the 5A20N, has the 
added feature of a current-probe input. Using the 
P6021 current probe, bandwidth is 15 Hz to 1 MHz 
with sensitivities from 0.5 mA/div to 0.5 A/div. The 
normal 100 Hz low-frecpieney response of the P6021 is 
extended by low-frequency correction in the amplifier 
to permit measurements at line frequency. This makes 
the unit especially useful in power supply design work. 

Many low’-frequency applications make use of X-Y type 
displays. As the mainframe has identical vertical and 
horizontal defleetion systems it is possible to make ac- 
curate phase measurements using two identical plug- 
ins. A control on the deflection amplifier board allows 
phase calibration to better than one degree at specific 
frequencies up to 1 MHz. 

Two more time bases round out the selection of plug- 
ins available. The 5B10N provides sweep ranges from 



1 /js/div to 5 sec/div in a 1-2-5 sequence with a lOX 
magnifier extending the fastest sweep to 100 ns/div. 
I'he unit offers versatile triggering from DC to 2 MHz. 
Both tri^er source and trigger mode are selected by 
pushbutton. A single-sweep mode simplifies die captur- 
ing of single-shot phenomena for photographing or 
storing displays. Included is an external horizontal 
mode which provides a convenient means for making 
simple X-Y measurements. Sensitivity is 50 mV /div with 
DC to 1-MHz bandwidth. 

A dual time base, the 5B12N, covers a wide range of ap- 
plications. Offering the maximum in versatility, it in- 
cludes the popular sweep switching introduced, in the 
547 Oscilloscope. In the dual-sweep mode, the A sweep 
is slaved to the left plug-in, and Uie B sweep is slaved to 
the right plug-in. I'his gives you, in effect, dual-beam 
o|3eration for repetitive signals. The two sweeps can 
also be operated in the conventional delayingsweep 
modes with a 1 0-turn delay multiplier providing ac- 
curate delay settings. The 5B12N also includes an ex- 
ternal horizontal mode for X-Y operation. 

Some applications require a vertical sweep or raster 
jiresentation. This is easily accomplished by plugging 
any of the three time ba.scs into one of the vertical com- 
partments. The 5103N provides convenient front panel 
access for Z-axis modulation in these applications. 

A low-cost camera, the C-5, complements the low-fre- 
quency 5100-Series instruments. Its fixed-focus, fixed- 
aperture design makes waveform photography simple. 
An access door in the top of the camera allow's viewing 
the CRT without removing the camera. 

Some of the areas expected to benefit from the versatil- 
ity of the 5100 Series are medical research, educational 
instruction, low-frequency phase work such as servos, 
tnechaniail analysis using strain gauges and other trans- 
ducers, and engine analysis. 




Dual-trace vertical and dual time base plug-ins oiler maximum versatility. 
At left above, both Ch 1 and Ch 2 are displayed by both A and B sweeps. 
Right above, adding a single trace plug-in, with A sweep on EXTERNAL you 
can have dual-trace X-Y, while right vertical and B sweep provide Y-T. 
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SIGNAL GENERATION S 

CONDITiaNING 



WITH 
A NEW 
MODULAR 
SYSTEM 



Plug-m versatility has proven its worth in oscilloscopes, 
counters, pulse generators and myriad odier products. 
Now this concept is extended to a new series of instru- 
ments designed to be the meeting place for many dif- 
ferent systems. We call them the 2606-Series modular 
insmiments. The term "modular" is used here in a 
broad sense and includes packagingj interconnections, 
input/output characteri-stics, power supplies and 
accessories. 

Designed to permit relatively free interplay betsveen 
analog and digital circuits, most inputs and outputs are 
compatible with DTI- and T”rL logic levels. However, 
they differ electrically slightly to allow pro]tcr opera- 
tion with nori-DTL and noh-TTrL circuits. 

To get a feel for the versatility of the series, let’s look 
briefly at the individual units. 
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2601 MAINFRAME 

The 2601 mainframe, a basic element in the series, is a 
power supply and interconnecting system for 2600- 
Series plug-in units. Providing pre-regulated voltages at 
up to 50 watts, the 2601 accommodates six plug-in units. 
The pre-regulated voltages are further regulated in the 
individual plug-ins and, in some instances, used to 
power DC to DC converters for special needs. This pro- 
vides maximum decoupling between units. 

A seventh plug-in section in die 2601 plays a vital role 
in the versatility olTered by the 2600 Series. It contains 
the interconnection board. The primary function of 
this board is controlling plug-in unit operation, proces- 
sing signals to or from a plug-in, or passing signals be- 
tween units. Thus, having planned and set up system 
operadon from the front panel, you can duplicate 
the connections between units on the interconnection 
board and then tuck diCm away out of sight. Spare 
boards may be used to change rapidly from one setup to 
another. Most plug-in front panel inputs and outputs 
are coupled through the interface connections at the 
rear of the plug-ins and are duplicated on the inter- 
connection board. 

Pictured below are two of the interconnection boards 
currently available. The board on the left is lisetl pri- 
marily to provide interconnection between plug-ins. 

The boatd on the right also provides interconnection 
between plug-in units but has an exciting additional 
feature. Fourteen 16-pin dual in-line plastic I. C. 
sockets, plus a locally regulated -1-6 volt supply, are 
mounted on the board. Ready connection between 
I.fl.’s and the plug-in units is made by standard 40-mil 
patch connectors. This permits you to add the relays, 
switihes, pulse transformers, re-sistor network-s, op amps 
and many other functions available in the dual in-line 
package, to the functions available in the 2600-Series 
plug-ins. Instrument versatility thus becomes virtually 
unliinitetl. 




Interconnection board at left permits Internal connection be- 
tween plug-ins. Board at right interfaces plug-ins with 14 1C 
sockets. Board includes -f5 V regulated supply to power IC's. 



You may also elect to use the LC. board and 2601 main- 
frame plug-ins completely independent of one anotlier. 
Ten spare front panel jacks on the interconnection 
board provide convenient interface points. Front and 
rear panel BNC connectors on the 260 1 may also he con- 
nected internally to any jack on the l.C. interconnec- 
tion board. The pre-regidated -f-17 and —17 volt 
supplies are available on the board and can often be 
used to pow'cr linear I.C.'s where other than -f-5 volts is 
required. 



RATE AND RAMP GENERATORS 

Now let’s take a look at the plug-ins. The 26G1 and 
26G2 are basically ramp generators and produce ramp 
voltages ideal for analog timing applications such as 
delayed triggeiing of pulse generators, time bases for 
monitors, and raster generation. 

Several ramp modes are available to you. Free run, 
gated, triggered, and gated trigger, plus manually gated 
or triggered operation is readily accomplished from the 
front panel. In addition, the 26G1 can be internally 
triggered by the rate generator which is an integral part 
of the unit. The trigger and gate levels, Ixith input and 
output, are compatible with logic levels used in most 
DTL and TTL logic devices. 

A convenient feature is the ability to terminate the 
ramp at any point in its excursion by applying a posi- 
tive logic 1 to the Ramp Reset input or a logic 0 to the 
Ground to Reset input. This provides for some inter- 
esting possibilities. For example, the 26G1 or 26G2 can 
serve as a time-io-height converter. The amplitude of 
the ramp output can be made proportional to the input 
pulse width simply by feeding the pulse into both die 
Trig and Ground to Reset inputs. The ramp is dien 
started by the leading edge of the pulse anti terminated 
when the pulse falls to zero. 

In addition to the main ramp output of 10 volts, sev- 
eral other signals arc available at die front panel. A 1- 
volt ramp output serves as a convenient time base for 
the 601, 602 and 611 monitors which are ideal com- 
panion units to the 2600 Series. The -1-3-vplt Ramp 
Gate, of the same duration as the ramp, provides un- 
blanking foi' the monitor. A -I- .3-volt, 1.5-/xs pulse coin- 
cident with the start of the ramp is handy to trigger 
your oscilloscope or other associated circuitry used in 
the afiplication. 

We mentioned earlier that the 26G1 also contains a 
ram generator. Normally free-running at a frequency 
determined by the Rate and Multiplier settings, it can 
also be gated manually or by an external gate. All that 
is needed is reversal of an internal 3-pin connector. The 
Gate and Ground to Gate inputs then serve to gate the 
rate generator, with the first pulse from the rate gen- 
erator coincident w'ith the start of the gate. The rate 
generator may be used independent of the ramp gen- 
erator portion of the 26GI. 
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PULSE GENERATSON 

The 26G3 Pulse Generator plug-in unit provides pre- 
cise rectangular pulses with ampjitiide to :tlO volts and 
pulse duration from 1/ts to I I seconds. Pulse risetinie 
and falltime is less than 200 ns. In addi tion, the unit has 
two other output modes. With the Pulse Duration con- 
trol set to Bistable, the output changes state vvith each 
succeeding trigger, that is, the output goes to the high 
Slate on one trigger and to the low state on the next. A 
highly symmetrical waveform or pulses longer than 1 1 
seconds can thas Ise easily generated. 

The third mode, DC, or as it is soinetiincs called, 
"locked on", is appearing with increasing frequency on 
the newer pulse generators. In this mode the output is 
simply a DC level which can be accurately set to any 
value up to ± 10 volts by means of the Pul.se Amplitude 
control. Accuracy is 1% of fuJl scale, full scale being I 
volt, 10 volts, or a value you may choose by selecting an 
appropriate external resistance. Output current up to 
20 mA is available to drive the selected resistance, how'- 
ever, maximum output voltage is limited to ±10 volts. 

Three other outputs are available on the front panel: 
the Pulse Start, a -1-3-volt pulse serving as an output 
trigger; the Pulse Gate, a -f . 3-volt gate witli the same 
duration as the pulse output; and the 'frigger Gate, a 
-f- 3-volt gate coindilent with the start of the pulse out- 
jjut ami whose width is determined by die Delay control 
setting. 

Turning to the 26G3 inputs, wc see a wi<le range of 
control for starting and stopping the pulse. Selection of 
slo[>e ami level, much the same as on your oscilloscope, 
is available. A preset -fl -volt level is useful when trig- 
gering from lf>gic cirruitSy and a ram]3 input provides 
for triggering at any point on a -f- 10-volt ramp giving 
you a choice of accurate time delay Irefore starting the 
pulse. The Slew Ramp injjui offers .some interesting 
capabilities; a signal fed into tills input is combined 
algebraically with the signal fed into the Ramp input to 
effect triggering. This gives you a convenient means of 
generating two ]julses whose time relationship can be 
made to change at a controlled, linear rate. 

One of the common uses of tiiis tcchnirpic is found in 
the field of biophysical research, the objective being to 
determine the ability of a nerve to respond to separate 
stimuli occuiTing within a brief time span. A hx)k at 
how we can accomplish this objective using the 2600 
Series will serve to demonstrate the ilexibility of the 
system, but first let’s finish our review of the 26G3 
inputs. 

In addition to the Trigger, Ramp and Slew Ramp in- 
puts, there are Set and Reset inputs. A -H-volt signal to 
the Set inijiit, will set the output to its high state regard- 
less of the state of all other inputs except the Reset 
input. f;onversely, a -H-volt signal to the Reset input 
will set tlie output to its low state regardies.s of the state 
of all other inputs imiucling the Set input. 



SYSTEM APPLICATIGN 

Now let’s look at how we can accomplish Uie objective 
inciitioned above, that of rletermining nerve response 
to closely spaced stimuli, using the 2600-Series instru- 
inents. 'I'he block diagram below shows the system we 
can u.se to generate the variable-spaced pulses, includ- 
ing a 601 monitor to display the pulses. The system 
consists of the 2601 M.ainrrame, the 26GJ Rate/R:unp 
Generator, the 26G2 Ramp Generator, the 26G3 Pulse 
Generator and the 601 Storage Display Unit. 




Simplified block diagram of sysfem to produce pulse pairs 
having gradually reduced spacing between pulses. 



Interconnection of the units ami the control settings lor 
tlie respective units are shbw'n on die intercoiineciion 
board worksheet at right. These worksheets are replicas 
of the interconnection board aiul provide a handy ref- 
erence for repeating the set-up for a particular measure- 
tiiem. Replicas of the front panels of the plug-in units 
are available with gummed backing for pasting on the 
worksheet as shown. The photo in die lower riglu-haiid 
corner of the worksheet shows the signal generated by 
the set-up. 

The pulse train is initiated by pressing the Manual but- 
ton on the 26G2. 1’he 26G2 performs four functions. It 
starts the pulse train, gates the 26GI, provides the slew 
ramp for the 2GG3 and detennines the total period over 
which the nerve will be exercised, in diis in.stance, 10 
seconds. 

The 26GI also performs four functions. It determines 
how often the 26G3 generates pulse pairs, jirovides the 
ramp input for the 26G3, determines, in conjunction 
with the slew ramp and tlie Delay control setting on the 
26G.3, when a stimulus pulse will be generated, and pro- 
vide.s the sweep and unblanking signals for the 601 
irionitor. 

The 26G3 merely stands by and generates a pulse of the 
appropriate duration and amplitude when its trigger- 
ing level is reached. 



8 









Now let's see what happens when we push the Manual 
button on the A single pulse, 1 volt in ampUtude 
and 300 /us in duration is generated, followed by an 
identical ptdse 10 ms later. The two pulses are then re- 
peated at 1.5 sec intervals with the time between them 
reduced 1.5 ms eadi lime diey repeat. A reset pulse from 
the 2()G] prevents the slew rahip from triggering the 
26G3 at the peak of its excursion, producing an un- 
wanted pulse. 

OUTPUT CONDITIONING 

One other important plug-in ciirrendy available in the 
2600 Series is the 26A1 Operational .Amplifier. It is a 
high-imwer ojjerational amplifier ideal for final pro- 
cessing of signals generated in 2600-Series system. Out- 
put capabilities are ±50 V and up to ±50 niA. Oj>en 
loop gain is 10,000 into a 1 ko load with a unity gain 
bandwidth rtf 5 MHz. 



Access to die operational amplifier inputs and outputs 
is via a Terminal Access Adapter which plugs into the 
phig-in unit. The adapter also provides access to die 
front panel connectors and die regulated +15 and —15 
volt supplies. Clips and jacks are mounted on the 
adapter circuit board so you can easily change the oper- 
ational amplifier function. A Tenninal Access Adapter 
kit which includes a ciicuit board widi a 0.1 x 0.1 inch 
grid of plated-thiough holes is available for constract- 
ing circuits to meet your specific needs. 

7000-SERIES COMPATlBlLITy 

The 2600 Series also brings new capabilities to you 
who own 7000-Series oscilloscopes. Through the use of 
an adapter, you can operate any ol the 2000-Sei ies plug- 
ins in your 7000-Series mainframe; truly plug in versa- 
tility at its best. 



TEKTfWSJX FOW NUt:lH£R 
362-I?65-00 
(pQid o.f 50 sheets) 
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NKDTES: A lO-aecond train of paired pulses, each pulse 300 ws In duration. 1.0 volt in amplitude. 

Pulse pairs repeated at 1.3 second intervals with the tine between pulses reduced 1.5 os 
each repetition. Pin IS of U70 in the 26G1 Is connected to output G on the 26GI for a 
reset pulse. A. 601 Storage. Display Unit serves as reonitor. 




Interconnection board worksheet shows connections between units, front panel control settings 
and waveforms generated by set-up. Notes include signal parameters and special instructions. 
IVorks/ieef provides permanent record of set-up. 
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TEKNIOiUE: measuring the linearity of fast ramps 

By John McCormick, Project Engineer 




John received his BSEE, with distinction, from U of Kansas in 
1962 and his MSE with a Materials Sciences Option from 
Princeton in 1965. With Teh smee 1965, he has contributed 
much to fast-ramp technofogy while working on sampling 
sweeps. 



The time measurements you make with your oscilloscope can 
only be as arxurate as the time Itase displayed oii the CRT 
screen. Improvements in components, ramp generator cir- 
cuitry and CRT construction have given us time bases speci- 
fied accurate within 2 or 3% and typically accurate within 
1%. With die great strides being made in vertical amplifier 
bandwidth has come the challenge oC providing the last 
sweeps needed to properly display these higher-speed phe- 
nomena. Generating and measuring fast, linear ramp.s poses 
unique problems. Tliis article discus.ses a solution for oite of 
those problems, that of measuring the linearity of fast ramps. 

There are two important quantities used to specify and de- 
scribe a ramp. These are the mean sJope of the ramp, and 
linearity or slope deviation from the mean. .\n ideal mmp 
has a constant slope and is perfectly linear. It is usually easy 
to measure the mean slojje of the ramp but linearity mcasure- 
rneni.s are difficult to make and are usually made in an in- 
direct manner. This is especially true in the case of very f.ast 
ramps (tens of nanoseconds in length) . 

The terminology used to describe linearity varies according 
to the method used to measure it. .\ sampling oscilloscope 
can form the basis for a convenient and precise method of 
ramp slope and linearity measurements. However, before de- 
scribing the method it will be necessary to define a few terms. 



DEFINITIONS 



Maihemaiically speaking, the slope of a waveforni at any 
poiiit in liiuc is die derivative of the waveform with respect 
to time. If V (t) i.s a voltage waveform, then the slojie at any 
time is given by 



slope ~ 111 (t) 



dv_(o 

dr 



In the case of an ideal ramp, the slope would be constant. To 
describe a ramp we may consider an ideal ramp with the 
desired constant slope w'hich we will call the mean slope, plus 
some deviations of the slope from this constant value. 

m(t)«=m .+ 1 (t) 

Where m (t) is the actual slope at any given time, ra^ is the 
mean slope and 1 (t) is the nonlinearity of the ramp. 

Percentage of nonlinearity is expressed by the equation 

% Nonlinearity = X 100%=-^-^ X 

m. 

The nonlinearity is .a function of time and can he determined 
if we know- m(t) and m„. It is relatively easy To measure in, 
by feeding the ramp into the vertical system of a scope and 
measuring its amplitude and duration: m(t) is the time 
derivative of the ramp waveform. It is jiossible to measure an 
approximation to m(t) by several metliods, only one of 
which we will discuss in detail here. 

The derivative of a voltage that is a function of time V (t) is 
given by the ba.sic definition: 

jy <«) = rt, rt) V (t+At) - V (i) 
dt ' At 

limit At — ► O 

What we can measure is 

' At 

At finite 

It is obvious that m* (t) is just the average slope ol the func- 
tion V (t) measured over a time At at eadi point in time as 
in Fig. I. .^ convenient name for At is the time resolution or 
.simply, the '‘resolution” of the iHea.suremenL T he resolution 
is indicative of the detail that can be resolved. If the .slope 
m (l) has componenus which last for a time on the order of 
At as in Fig. I, they will be smoothed out in the measure- 
ment. If the ramp has a fast start like the ideal ramp in Fig. 
2 (a) , then the m* (t) Fig. 2 (c) will differ from the actual 
derivative in Fig. 2 (b) because of the finite resolution time. 
The smaller the resolution lime, the closer m* (t) will be to 
m (t) . Now let’s consider methods of measuring m* (t) . 



MEASUREMENT OF 

One simple way to obtain m* (t) for a wavefonn would be 
to process die w-avefonn with an analog differentiator as in 
Fig. 3. This works pretty well witli slow iaiui>s but is vtry dif- 
ficult to implement for fast ramps. A lietter method for fast 
ramps makes use of samjiliiig techniques to time-convert the 
ramp to a slowcr-specd replica. Meiisuring the slope is then 
an easy matter. 'I’be technique shciwn in Fig. i can be used to 
measure V (t-f At) and V (t) . The ramp waveform is fed into 
two identical .sampling heads, A it B. each of wliich produces 
a pc voltage in its respective memory, proportional to the 
value of the ramp voltage at a time ij when the strolx; opens 
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V(t + Af) 







vw 



Fig. 1 . Resolution limits measurement detail. Components tast- 
ing lor a time on the order of ^t will be smoothed out. 




Fig. 2. Measured slope differs from the actual derivative be- 
cause of the finite resolution time. 



the sampling gate. If the suote tinte for thannel A is 
made different from iliat for channel B (ij,) by some time 
(Al) due to unequal delays and Tj, then the voltage 
mea.suf*ed by the respective sampling heads will be 

VsA =» V (1,0 V„ ^ V (tsA+ At) 

We can then substract them at each time t. 

V (t),.* = Vs. - Vs* »» (V (t+ At) - V (t)) 

If we divide the difference in .strobe time At we have 
V (O.-A _ (V(t+At) - V<c» 

At ’ At ' 

,A convenient realization of the above technique can be ob- 
tained with a sampling system set up as in Fig. 5. The sys- 
tem consists of a 7000-Series four compai uneni tnainfraine, a 
7T11, two 7S1 1’s, two S-1 .sampling heads and a 7A22. If the 
signal cannot be loaded by 500 then a probe sucli as the 
P60S-4, Pt>I)35 or P605I c;in be Used to couple the signal to the 
)>osver divider tee. An alternate approach wnidd be to use 
S-3A or S-5 sampling heads in place of the S-1. 

'I'hc gains of both sanqiling channcl.s should Iw adjusted so 
that then' arc equal (note variable front panel control on the 
7SI I does not effect ilie gain of the vert sig out) . This can l>e 
done by in.serting a variable aUenuaior in the leads from the 
vert sig out to the 7.A22. Comparing the amplitudes of the two 
vertical .signals out is easily done with the 7A22. Just feed 
botft signals diJl'creiuially into the 7.A22 and adjust the giiins 
until the base line is at the siime level lx;forc and after the 
ramp. 




Fig. 3. Analog ditferentiator Is a convenient means of meas- 
uring slope and linearity ol slower ramps. 





Fig. 4. Block diagram of a sampling system to measure 
Vft-j-Al) — V(t). Resolution is set by difference in time of f* 
and Tt. 




Fig. 5. 7000-Series system to measure ramp (Vt) and slope 
(m't) and display them simultaneously. Attenuator is placed in 
series with 7A22 input having largest signal so inputs to 7A22 
may be set to same amplitude. 
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■'nie resohition should be set by Wirnhig the right hatid 7SI1 
Delay Gohtrol full CCW, grounding the negative input of 
die 7A22 anti setting the left hand 7Sl 1 Delay Control for the 
desired At by observing die se!pakitioii of die two traces on 
the screen. Be sure to adjust the gain of the 7A22 using the 
variable if necessary so that the two trace.s have the same 
amplitude on the screen. The top photo below i,s a typical 
display for settuig resolution. 




Top ptioto is If pical display for setting resolution. Bottom photo 
shows ramp and its slope. Aberrations are caused by non- 
linearities in the ramp. Resolution Is 6 ns. 

Alter setting tlie desired resohition or At. die negative input 
of the 7A22 is moved to the DG position. Now displayed on 
the GRT is the voltage differential between the outputs of 
the samplers which is proportional to At and the slope of die 
ramp. Measuring the amplitude of this voltage differential 
and knowing At we arrive at m* (t) or die slope of the ramp. 

'I’lie bottom photo aliove shows the slope waveform and the 
rajnp whose slope it represents. Alierrations on the slojie 
waveform arc due to noiilincarities iii the ramp. The am- 
plitude of these aberrations relative to the amplitude of the 
slope waveform is the measure of the nonlinearilies that exist 
in the ramp. 

ACCURACY OF THE MEASUREMENT 

.Although the absolute slope in voh.s per nanosecond can b<; 
measured with this system, the accuracy is not as good as it is 
Wlicn measuring Jinearity unless the system is calibrated with 
a known slope. Contributing to tlie accuracy of the slope 
measurcnient are tJie accur.icy of the sampling ebantiel gains, 
the accuracy of the 7A22 gain, and the accuracy with which 
the time At is known. 

One method of eliminating the problem of absolute sweep 
calibration for a« urate At is to adjust for Ixitb channels to 



sample at the same time and add a knowm length of delay 
line in the signal path of one of the sampling channels. 

Two other factors effect the accuracy of the linearity meas- 
urements. These arc nonlinearity in the vertical response 
and nonlinearity in the sampling sweep. Of the two, the 
sweep nonlinearity is the dominate effect. Tlie linearity of 
the sw'eep is specified to be within 3% over most of the Time 
Position Range and can be checked by the usual method with 
accurate time marks. For sweep speeds widi low magnifica- 
tion the linearity is typically better than 1%. 

PRECISION OF THE MEASUREMENT 
Precision refers to the ability to measure small differences in 
signal amplitude and is limited primarily by noise. With tile 
system described we can easily measure 1% differences in 
slope. It niu.st be borne in mind that the response of the 
7S1 1’s ihust lie identical; A convenient wny to assure this is to 
set the dot response of both 7SU’s to unity. It is also im- 
portant that the .scan rate be .slow enough for the bandpass 
used on the 7.A22. 

RANGE OF SLOPE MEASUREMENTS 
The upper limit on slope, ni* (t) , in vohs/nanosecoud is 
detennined by the risetime of the sampling sy'stem and our 
ability to set the resolution to be a small portion of the ramp- 
Ten to twenty percent of ramp duration yiekls good re.sults. 
The system described provides re.splntion from 10 ns to less 
titan 100 ps. We should keep in mind that as the resohition 
lime decreases, so does the signal out and noise will lie a 
problem. The 7A22 variable bandpass may lie used to reduce 
noise but the display rate must decrease proportionally, This 
is easily done by varying the .scan control on the 7T1 1. 

The lower limit on m* (t) in vdits/nanosecond is set by 
noise as the resolution time cannot be adjusted greater than 
lO ns without instrument modification. A useful lower limit 
SCI by noise places the longest ramp length that can he mea- 
sured with this system at about .500 ns. However, an e,xiemal 
delay line can easily be imerted in the signal path of one sam- 
pling channel to extend the lovver limit. 

CONCLUSION 

We have discussed how differentiation of a fast ramp leads to 
a convenient method of measuring ramp linearity and have 
shown how to construct such a nieasurement system. A ramp 
and its slope, m* (i) , are shown in the bottom photo at left. 
The resolution is about 5% of the ramp length. The risetime 
of the slope can be measured a,s well as amplitude, overshoot, 
ringing and droop, just as if measuring a step response;, and 
these quantities all relate to how linear the ramp is at any 
point. The advantage of Iiaving the ramp and the slojie dis- 
played simultaneously is tliat the effect of circuit adjusttiients 
affecting the slope are seen immediately. 

The ability (o differentiate fast waveforms can be useful in 
otlier applications as well, such as measuring impulse re- 
spon.se by diffiereniiaiing the step response. Differentiation of 
theoretical expressions has always been a useful technique in 
certain analysis (such as linearity of ramp.s) , but with the 
ability to measure the derivative directly and display it, 
although limited by resolution time, tlie technique becomes 
even more useful. 
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SERVICE SCOPE 



SERVICING THE 7704 HIGH-EFFICIENCY POWER SUPPLY 



By Charles Phillips 

Product Service Technician, Factory Service Cerfter 



This, is the first in a Scries of articles on servicing the 7000- 
Series oscilloscopes. The 77114 serves as the basis for these 
articles since it contains most of the new circuitry, compo- 
nents anti construction techniques we will be discussing. It 
is not our intent to discuss the general techniques used in 
troubleshooting oscilloscope circuitry as diese were covered 
extensively in the February 1969 to February 1970 issues of 
TEKSGOPE. Copies of these articles are available through 
your field engineer. 

Proper operation of the regulated low-voltage supplies is 
essential for the rest of the seo[>e circuitry to function prop- 
erly, so let’s Iwk. at this section first. 

The high-efficiency power supply used in the 7704 is a new 
concept in [tower supply design that results in apxjrcciable 
savings in voltune, wwght and power consumption. It is 
called "high efficiency" because its efficiency is about 70% as 
compared to 45% for conventional supplies. The line-to-DG 
cohverter/regulator contains most of the unconventional 
circuitry so our diseiission will dead primarily with this 
portion. 

First, let’s briefly review the theory of operation: The high- 
efficiency power supply is essentially a DG-to-DC converter. 
The line voltage is rectified, filtered and used to jjower an 
inverter which ruiis at appro.'iitn.iitely 25 kHr. The frequency 
at which the inverter runs is detcrraiiied basically by the 
resonant fretjuency of a series-LC network placetl in series 
with the primary of die pKiwer transformer. The inverter 
drives the [irimary of the power tnuisfortncr supplyitig the 
desired secondary voltages. These are then rectified, filtered 
and regulated for circuit use. 

Pre-regulauon of the voltage applied to the (lower traiis- 
fomicr is accomplished by controlling the frequency at which 



the Inverter runs. A sample of the secondary voltage is recti- 
fied and used to control the frequeiuy of a monostable multi- 
vibrator. This multivibrator, in turn, controls the time dial 
cither half of the inverter can be triggered,: thus controlling 
die inverter frequency. Circuit parameters are such that the 
multivibrator, and hence the inverter, always runs below die 
resonant frequency of the l.C network. Remembering that 
die resonant LC network is in series with the primary of the 
power transformer, we can see that as the invCrter frequency 
changes, the impedance of the LC network changes. The re- 
sultant cliange in voltage dropped across the LC network 
keeps die voltage appb'ed to die primary constant. Pre-regu- 
lation to about 1 % is achieved by this meiuis. 

Now, let's turn our attention to troubleshooting the supply. 
Assamae you have made the usual [nelirainary checks: you 
have power to die InsirUTnent, the fine selector on the rear 
of the instrument is in the correct position tor the applied 
line voltage and the line voltage is within speetfiwl limits. 
The plugfins have been removed to eliminate the possibility 
of their causing the power supply to malfuncdon. 

With the instrument power off, check the two fuses located 
in the Hue selector cover on die rear of the instrument. If the 
line fuse, F800, is open the pnihlem is probably in die line 
input circuitry. If the inverter fu.se, F810, is pfiea the inverter 
circuitry is probably faulty. In either case it will be necessary 
to remove the supply from the mainframe to make further 
checks. This is easily done by removing the four smews on the 
rear panel that secure the power unit, then sliding the unit 
out the rear of the instrument. 

Before removing the power-unit cover, check to see that the 
neon bulb on the left side of the power unit has rioppt’d 
flashing. The primary storage capacitors C813 and C814 




Simplified block diagram of hIgh-effIciency low-voltage power supply. 
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remain charged with high voltage DC for several minutes 
after the power line is disconnected. When diis voltage 
exceeds altout 80 volts the neon bulh flashes. While servicitig 
the jKjwer unit, the tlischarge time of the storage capacitors 
can be speeded up by temporarily disabling the inverter 
stop circuit. Pulling Q8C4 Isefore turning off the scope power 
will allow the inverter to keep running for a short time, thus 
tirtiining most of the charge from tlic capacitors. A voltmeter 
re.'iding between test points 810 and 811 on the line input 
board will indicate tlie charge reniainipg bn the storage 
capadtors. Allow at least one minute for the current-limiting 
Iherniisiors to tool Itefore turning on the power again if you 
use this fast-discharge tcchnk|ue. Do not attemyrt to dischaigc 
the aipadtors by shorting directly across them as this will 
damage them. 

With the powemniit cover removed, orient the siiijply with 
the reaifier hoard on top, tlic line inyjut board on the left 
and the inverter board on the right. This will make it con- 
\ tmient to get to all the test points as we go along. 

LINE INPUT BOARD 

First let's check the line input Itoartl. It’s fairly easy to tell if 
this circuit is working. The ne<iii bulb previously mentioned 
will start flashing when power is apy>licd. On some units it 
as-siimes a steady glow, on others it continues to flash. The 
voltage reading on test points 810 and 81 1 should be approxi- 
mately 3(M1 volts DC depending upon the line voltage. Be 
Ciireful not to ground any point in this circuit except test- 
point gnjuiid or chassis. 

Typical troubles in this circuit causing the line fuse to ojjen 
are shorted diodes on the bridge, CR810, or a shorted capaci- 
tor C810, C8II. C81S or CMH. 

INVERTER BOARD 

Next in Jiite is the inveTter circuit. The problems most coiii- 
mon to this circuit are open fuse F8I0, shorted transistors 
Q82r) or Q83.'5, or shorted dicwles CRH2-5. CR835i GR828 or 
CR838. An open inverter liise usually indicates trouble in 
the inverter. 

Before working in thi.s circuit, unjrlug the power coni and 
give the storage cayratiiors lime to discharge. Remove tlie 
line .selector cover containing the line and inverter fuses. 
We’re now ready to make some resistance clieck.s on the in- 
verter board. 

With your ohmineter ,se( to the xl kJi .scale, take a reading be- 
tween test points 82ft anti 8.S6. Tlie reading should be several 
megohms in one direction and a: 1..5 kn with the test leads 
reversed. C;heck Iwtween test points 8Sti and 820. You should 
get a high and loiv reading as Ircforc. This checks the tran- 
sistors and inj|W)rtant diodes in tlie inverter stage. If you 
get a low reading in both directions on either of these tests, 
remove the tran.sisior lioin die side having the low reading 
in both directions. set of readings Iretween the appropriate 
test pc>iiit.s will show whether it is the diode or the transistor 
that is defective, Diodes CR826 and CR83(i arc not checked 
by the almve procedure but will not prevent the inverter 
Irom running even if shorted. Once you achieve a higli 
resistance on both sides of the inverter, it will y>robably 
operate when you apply tlie proper power to it. However, 
belore ;i|>j)lying yrower, a quick check should be made on 
rectifier board test point 8ti0 to ground, Ihe resistance 
should be ~ 2 k!l or 40 ko dcjieiiding on the polarity of the 
meter leads. 



You can ncjw prepare to apply power to the instrument. 
Install the line .selector cover. Remove Q860 to disable tlie 
pre-regulator circuit. Connect your test scope between test 
point 836 and ground on the inverter Iroard. Vertical .sen- 
sitivity should Ire .50 V/div DC at the probe tip. the trace 
centered and the svs'eep speed set to 10 »<s/tliv. Connect a volt- 
meter between the +75 V test jxiint and ground on the recti- 
fier board. Plug the scoyre into an autotransformer and with 
the line voltage set at tero volts, turn die iiistruracut on. 
.Slowly advance the line voltage while watching the test scope. 
If the trace moves up or down, the inv'erler still has problems. 
If the trace holds stc.ady, the inverter shoidd start as the line 
voltage apyrroaclies 80 volts. A square wave of approximately 
25: kHz and 200 volts will appc.tr on the test scope;. Do not 
atlviince the line voltage any further. The +7.5 volt supply 
should not be allowed to c;xceed 75 volts to prevent blowing 
the inverter fuse. 

RECTIFIER BOARD 

You are now ready to check the pre-regulator circuitry. Turn 
off the scope and return the line voltage to zero volts. Replace 
Q8G0 in its socket Slowly advance the line voltage while 
monitoring the +7.5 volt supply. If the +76 volts holds 
steady, you can advance the line voltage to a normal setting. 
If (he voltage is not stable or if the signal being monitored 
on test jmiiu 836 on the inverter board is erratic in frequency, 
the pre-regulator is not working [>roi)erly. The tpiickest 
medtod of troubleshooting this circuit is to check die assori- 
atecl transistors with a curve tracer or ohmmeter. T he wavc- 
forrns shown on the fating page are typical for a properly 
operating supply. 

MECHANICAL CONSIDERATIONS 

Most of the components in die power supply are readily 
accessible from die top of the printed circuit lioards. How- 
ever, wlien it is neces,sary to remove a soldertd-in component, 
we suggc'-st yon remove the circuit lioard from the assembly 
and uii.soldcr the conipoiieiil fiYun tlie b.rck side of the Ixi.ud. 
The line input board and the rectifier board are readily 




Low-voltage supply removed tor easy servicing. Line input 
board Is on the lelt side, rectifier board on top, and lust the 
edge ol the inverter board is visible at the right. 
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removed by loosening two or three screws. The inverter 
board is somewhat more difficult to remove; tlie manual 
gives the proper procedure. 

Care should be exercised when replacing Q825 or Q835 
located on the ceramic heat sink on the inverter board. The 
mounting scuds are soldered into the printed circuit board 
and may be broken loose by applying excessive torque. 



When placing the power unit back into the mainframe take 
care to properly dre.ss the power unit cables Iwtween tlie 
power unit and the logic lx>;trd. Lowering the swing-down 
gate on ilie right side of the instrument will let you guide 
the cables into place, 

In the nextissne of TEKSCOPE we will discuss the 7704 high 
voltage power supply. 




Typical wavaform at TP836 tor properly 
operating supply. Mid-screen Is 0 Volts. 




Waveform at TP860. Note frequency Is 
twice that at TP836. 




Waveform at TP859. Frequency In- 
creased slightly due to tine voltage 
change. 



INSTRUMENTS FOR SALE 



561A, $500. ST77, .$500. 3S76, I860. Harold 
Dove. 837 Ovalda Sti, Aurora, Colo. 80010. 
(.H03) 343 2906. 

S-.5HD, SHAD, 524AD, .502, 54), 543A, 
1«)A. 2 ea. 160A. 161. 183. 1(52. Jim Ken- 
nedy, Tcchnitrol. Inc., 3825 Wlritaker Ave.. 
flvila., fa. 19124. (213) 426-9105. 

573, $900. Hans Frank. Dynaco. fhiJa., Pa. 
(215) C.E 2-8000. 

502.4, 202-1. Ron C'.aIvanio or Dr. Denton, 
Mass. Cen'L flospiial, Dept, of Anesthesia, 
Fniit .St., White Bldg., Boston, Mats. 02114. 
(617) 726-3851, 726-2034. 

2 ca. 51 3D. 517. Df. Frederic Davidson, EJi. 
Dept.. Johns Hopkins Llniv., Baltimore, 
Md. 21218. (SOI) ,366-3300, Ext. 249. 

5L5A. C. Katrcn, 243 W. Main St., Cary, 111, 
60013. (312) 639-4768. 

601, $925. Dr. William .Spicklcr, Cox Hcavi 
Institute, 332.5 Southern Blvd., Koitering, 
Ohio 4.5429. 

514D, $200 or trade for 3 in, model. Arthur 
Pfal/cr. Hoover Electric, Hangar 2, Port 
Columbus Airport. Columbus, Ohio 43219. 
(614) 235-9634. 

,561A,3A6, 3B4. Package price, $12.50. Pierre 
Cathou, MIT Branch, P-O. Box 104, Cain- 
bridge. Mass. 021.3.9. (617) 868-5782. 

53G, $100. 5.3/54B. $85. Dan McKenna. 
(.517) 725-7211. 

2-453. Dave Ballstadt. Optical Digital Sys- 
tems. 1175 E. Highway 36, Sr. Pani, Nfinii. 
55109. (612) 484-8589. 

5I3D. Lou Chall. 28.34 Scraiige Place, Costa 
Mesa, Calif. 92626, (714) .545-6536, 

549, 1 Al, 202-2, $2800 ooniplete. J. C. Davis, 
Republic Nafl Bank, .Sunset Pla/a, Pueblo. 
Colo. 8HX14. 



611. Dr. Lc-s 55'aiiniuger. General Mills, 
lire., 9000 Plymouth Ave., N.. Golden Val- 
ley, Minn. .5,5427. (612) 540-3444. 

561A, 3A6, 3B3. Excellent condition. $1000. 
Might accept .321 or 821A as part payment. 

(213) 792-4962. 

323, $850. C30AP, New, $450. Harold Moss, 
(213) 3^-1205. 

330. 53/54K. .5S/54T, $800. S54, |300. Geo. 
Schneider. Profcxray Div., Litton Medical 
Products. 1601 Beverly Blvd., Los .'\ngeles, 
Calif, 90026. (213) 620-6861. 

511 AD, $300. Carl Powell, S9fl6 JacLson 
Hwy. Sheffield. Ala. 35660. (205) 383-3330. 

13-RM561A/2A60/2B67 never used. At- 
tractive discoiirit. J. Wielaiul, 16950 Encino 
Hills Dt., Encino, Calif. 913 16. 

316, $600. I. R. Compton. Coiiipironics, 
3220 - 16th W'est, Seattle, Wash, 98119. 
(206) 284-4842. 

2B67, $175. 6,3 Plug-In, SI 00. Roger Kloep- 
fcr. (517) 487-6111. Ext. 392. 

5HA. Geo. Butcher. Electronics Marine, 
P.O. Box 1 194, Newport Beach, Calif. 
92663. (714) 67S-H70. 

IL20. George Bales, Dynair Elect., 6360 
Federal Blvd.. San Diego, Calif. 92114. 
(714) 582-9211. 

611, $2000. Dr, A. .Sanderson, Harvard 
Univ., Electronics Design Center. 40 Ox- 
ford St., Caiiibiidge, Mass. 02138. (617) 
495-4472. 

P6046 Probe, .Amplifier, P.S., $600. Rob 
Waters, Jr„ ARCT, Inc., P.O. Box M38I, 
Grecnslroro. N.C. (919) 292-74,50. 

503 w/Grid, Wm. Gelb, Gclb Printing & 
Lithographing f2>„ lifiOO Walton St., De- 
troit. Mich. ■18210. (315) 361-4848. 

5.5.5 complete. Scope Cart. Fred Samuel, Ch. 
Engl ,, WXTV. Ch. 41, 6-il Main St.. Pater- 
son, N.J. 07.503. (201) m-mi. 



547. 422, 453, 502, Plug-Ins, Cal. Fixtures. 
Manzano Laboratories. Inc.. 146 Quincy 
Ave., N.E., Albiitjtierque, N. M. 87108. 
(505) 265-7511. 

514AD, 1260. J. Bat.sooinian, 31 Porter St„ 
Waicffown, Mass. 02172. (617) 921-6475, 

2-53IA/CA, S896. 2-531/CA, .$69,5. .53/54G, 
$150. 2A63, $125. ]. Bovd. Tally Corp., 8301 
180th .South. Kent, Wash. 98031. (2(Xi) 
231-5500. Ext. 6787. 

545B, lAl, IA7. Scienliffe Indii-stries. 150 
Ffericks RiL, Mineola, N.Y. (516) 746- 
3200. 

517. 1A4, 1A2, 202-2, as package or individ- 
ually. Phil DiVjta, Data Display Systems, 
luc„ 139 Tenvood Rd., Willow Grove, Pa. 
19090. (215) 659 6900. 

105. $100. Charles Yclvcrion. Jones County 
Jr. College. Kllisvillc. Miss. ,3W37. (601) 
764-.3667, 

:516. $1020. 564B,n2IN, $876. 3A6, S440. 
3B3, $544. 54.5B, S1S60. lAI, .$520, IA6, 
.$236. 201-1, .$116. 201-2, $124, 202-2, $124. 
Larry Glassman, 5584 fentoii Woods Dr., 
N.E., Atlanta. Ga. 30342. (404) 255-54.32. 

53IA, CA, 202 Moct. A. $500 package. Tom 
Eckols, Dow Jones Co., Dallas. Tc-xas, 

(214) ME 1-7250. 



INSTRUMENTS WANTED 



453. W. Pfeiffer. 1332 E. Portland. Spring- 
field, Mo. 65804. (417) 869-0249. 

519. John Barth. Itartfi Coiyr., 7777 Wall 
St.. Cleveland, Ohio 44123. (216) ,524-5136. 

503, A. Ruhen, .Medical Sales .V Service, 270 
E. Hamilton St.. Allentown, Pa. 18103. 

(215) 437-2526. 

R561.A or B. with or withotii Plug-Ins. Dr, 
Ptltil Coleman, Univ. ol Rochester Mcxlical 
Cntr.. -Anatomy Dept,, Rociiesler, N.V. 
14620. (716) 275-2581. 
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